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INTRODUCTION
G laucoma represents the main cause of irrevesible blindness worldwide [1] [2] . The elevated intraocular pressure (IOP) remains the main risk factor [3] , but recent theories refer to other pathogenic pathways [4] contributing to progressive loss of ganglion cells and vision decay [1] . These theories implicate aberrant immunity [5] enhanced inflammatory response [6] , vascular dysregulation [7] [8] [9] ischemia [10] , hypoxia [11] or increased oxidative stress [6, 12] .
For ocular or systemic pathologies with inflammatory compound, the analysis of cytokines in biological fluids has become extremely attractive for research [13] [14] [15] [16] [17] . In glaucoma, previous studies measured inflammatory cytokines in aqueous humor (AH) and reported elevated levels of different interleukins [17] [18] .
Methods such as the enzyme-linked immunosorbent assay (ELISA) or polymerase chain reaction (PCR) are extremely useful when assessing these types of molecules, despite their great disadvantage of impossible multi-parameter measurements from small volumes. Cytometric bead assay techniques offer this possibility, in a fast, reproducible and highly accurate manner, allowing simultaneous detection of multiple cytokines from small volume samples [4] [5] .
The aim of our study was to investigate the inflammatory profile in primary open angle glaucoma (POAG) patients and assess the changes induced in the cytokines expression in the AH, when another systemic pro-inflammatory disease, such as diabetes mellitus (DM), was additionally present. For the glaucoma groups, we have included only POAG cases, where the diagnosis had been established prior to the study initiation, based on the European Glaucoma Society criteria [19] . For all patients, demographic data (age, sex), duration of glaucoma/diabetes, glaucoma treatment, best corrected visual acuity in decimals by Snellen charts, and preoperative IOP (mm Hg) by Goldmann tonometer were recorded. Automated standard perimetry (central 24-2, Humphrey ® Carl Zeiss Meditech) quantified the mean deviation (MD) and pattern standard deviation (PSD) in decibels (dB). Classification of glaucoma damage was based on Hodapp criteria, described elsewhere [20] . More than 85% of patients used more than one type of IOP lowering substance, all containing preservatives. Diabetic patients had only mild forms of diabetic retinopathy (DR) or none at all; blood sugar level (mg/dL) and glycosylated hemoglobin (HbA1c, %) were measured in all these patients. One-way analysis of variance (ANOVAs) were used to test for differences in cytokine levels among multiple groups, then a post-hoc analysis was used (Tukey honest significant difference test) to identify the specific differences between groups. Interaction tests and multiple regression analysis were further employed for prediction calculations. RESULTS A total of 87 AH samples were collected from 87 eyes in 87 patients. Groups characteristics, clinical and demographical, could be followed in Table 1 . The eyes with combined pathology (POAG+DM) had the youngest age when compared to healthy controls (P<0.001), POAG patients (P=0.000) or DM eyes (P=0.000), respectively. Also there has been noted a larger proportion of males among glaucoma patients compared to healthy controls or diabetic patients. Mean IOP was significantly higher in the diabetic POAG group, when compared to POAG patients (P=0.04), DM eyes (P<0.001) or healthy subjects (P<0.001), respectively. Similar number of topical anti-glaucoma substances was used to control the IOP in the glaucoma groups. Functional parameters (MD, PSD) were comparable between glaucoma patients (P>0.05). Cytokine Analysis From the 21 molecules, six could not be accurately dosed (IL-1β, IL-5, IL-6, IL-10, IL-17, IFNγ), since results were obtained by extrapolation; as such they were excluded from further analysis. Table 2 illustrates all means, medians and range variation for the remaining molecules, as quantitatively measured in each study group. One way ANOVA analysis identified the significantly different concentrations of cytokines between the study groups: CCL4 (P=0.003), CCL5 (P<0.001), CXCL5 (P<0.001), CXCL8 (P=0.004), IL-1α (P<0.001), IL-1Ra (P<0.001) and TNFα (P=0.05). A post-hoc analysis identified the specific differences in cytokine concentrations between POAG and diabetic POAG eyes. As such, IL-2 (P=0.009) and CXCL5 (P<0.001) were significantly different in diabetic POAG eyes vs POAG eyes. The influence of IOP (≤/>18 mm Hg), age (≤/>60 years old) and sex (males vs females) was studied upon the levels of the separation markers. Table 3 resumes the changes in cytokine expression when these limits were tested. Results showed that the mean concentrations of CXCL5, CXCL8, IL-1α, CCL5 and CCL4 increased in a significant manner, if the IOP exceeded 18 mm Hg (P<0.05). Alltogether, younger patients exhibited a stronger inflammatory response (CXCL5, CXCL8, IL-1α, CCL5), since all analyzed cases with an age below 60y produced higher concentrations of cytokines as compared to older age (P<0.05). IL-2, normally expressed as anti-inflammatory molecule, exhibited lower levels if patients had higher IOPs or younger age, suggesting a failure of the compensatory mechanisms once the IOP increases and more inflammation is triggered. Correlation analysis showed that in diabetic patients the IOP correlated significantly with the levels of CCL4 (ρ=0.535, P=0.005) and CXCL5 (ρ=0.537, P=0.005). An inverse negative correlation was found for CXCL8 with the age of the subjects (ρ=-0.424, P=0.03) suggesting a more prominent inflammatory response in younger patients. A similar agerelated finding was detected in the POAG group regarding age of the subjects and CCL5 level (ρ=-0.497, P=0.05). Also the IOP was correlated with the CXCL8 level (ρ=0.600, P=0.014). Related to the functional damage in glaucoma patients, the MD values in the POAG group were inversely correlated with TNFα (ρ=-0.561, P=0.024), yet localized glaucoma damage (PSD) was not correlated with any inflammatory molecule. For diabetic POAG patients, the age was correlated with CXCL8 (ρ=-0.536, P=0.04) and CCL5 (ρ=0.592, P=0.06) levels. IOP was correlated with a larger number of molecules from the "separation markers" category, such as CXCL5 (ρ=0.650, P=0.005), TNFα (ρ=0.539, P=0.001), IL-1α (ρ=0.544, P=0.04) or IL-1Ra (ρ=0.513, P=0.02). Also in these 
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Further statistical analysis allowed for creation of inflammatory mathematical models for each study group. The "separation" markers elicited either direct pro-inflammatory effect (CXCL5, CXCL8) or they could indirectly modulate the Th1 cells activity (IL-1α, IL-1Ra, IL-2, CCL4, CCL5, TNFα) to increase inflammation. Still, regardless of the activated inflammatory pathway, all molecules increased TNFα's expression. As such, a step wise multiple regression analysis studied the influence of the "separation" markers upon TNFα level in each category of patients (Figure 1) [13] . Our study assessed the changes in cytokine expression in diabetic POAG patients, based on the hypothesis that additional proinflammatory pathology (DM) could induce identifiable changes in AH composition in POAG eyes.
The global analysis of all cytokines that were significantly different between groups (CXCL5, CXCL8, IL-1α, IL-1, IL-2) point out that all molecules belong to the early "acute inflammatory" phase reactants, capable of increasing the expression of one another. Additionally, these cytokines have been reported as direct or indirect regulators of TNFα expression [21] [22] . TNFα as pivotal inflammatory marker in POAG or diabetes is not new [21] [22] . However, the original element of this study resides in the attempt to create a model for the inflammation in diabetic POAG eyes based on some cytokines that were differently expressed in this category and the end-point inflammatory pathway they trigger (TNFα over-expression). Thus, authors aimed to explain how much of the TNFα's level could be predicted based on the indentified "separation markers". As such in simple POAG cases, 80% of TNFα's level could be explained by an increase in IL-2, IL-1α, CXCL8 and CXCL5 expression, while in diabetic eyes, the model predicted less (<60%) from the TNFα's level. In diabetic POAG patients, the same molecules could not explain the TNFα's increased expression in a relevant manner (<30%). This finding could be only explained by the high proportion of cytokines that exhibit a polymorphic role and influence the production or release of other cytokine types, through multiple pathways that cannot be assessed and fully identified in a cross-sectional study. Our results show that the inflammation induced additionally by diabetes in POAG eyes changed the cytokine inflammatory profile in AH, but the mechanism was not similar to non-diabetic POAG eyes, at least for the model we tested. Collateral inflammatory pathways, co-stimulatory signals and cytokines should be further investigated. The TNFα molecule can normally be found in healthy eyes. Depending on microenvironment changes, it can exhibit both neuroprotective and neurodegenerative properties [23] . In normal conditions, retinal tissue expresses receptors for TNFα; unless hypoxia develops, the increased TNFα levels do not trigger apoptotic signals for the ganglion cells [24] . This could support the results we obtained in the inflammatory model in POAG eyes. Still, Sawada et al [22] reported increased TNFα levels in hypertensive glaucoma patients compared to healthy subjects, through ischemic mechanical mechanism. Moreover, Huang et al [17] reported increased expression of TNFα associated with the increase in IOP in glaucoma patients; in this direction, our study found similar results for all glaucoma patients with an IOP over 18 mm Hg. We have chosen 18 mm Hg as cut-off value, because according to Hodapp criteria [20] , our glaucoma patients were categorized as moderate to advanced glaucoma. In consequence, similar to Advaned Glaucoma Interventional Study (AGIS) [24] , we have chosen this limit to investigate the cytokines levels in our study in a dychotomic manner. Since Fingeret et al [25] reported an increased glaucoma risk after the age of 60y, we studied this cut-off values also in our patients. Our results showed that mean concentrations of cytokines (CXCL5, CXCL8, IL-1α, CCL5 and CCL4) increase in a significant manner when IOP increases, alltogether with a stronger inflammatory response ellicited at younger ages. Mean IOP and the intensity of treatment (number of anti-glaucoma medications) influenced the TNFα inflammatory model very little in this study, yet our results are similar to other published data, which found little or no correlation between the intensity of treatment and the cytokine expression [13, 26] .
Nevertheless, the authors acknowledge other studies [27] , where multiple therapy generated additive inflammation in the anterior segment in glaucoma patients. Still, in our study, the intensity of treatment upon the TNFα inflammatory profile in POAG patients was not statistically significant; this group homogeneity could be explained by the fact that all POAG patients received prostaglandin analogue (PGA), and in both glaucoma subgroups, over 85% of subjects received more than two topical substances. The very little number of patients with a single type of medication (PGA) in each glaucoma group (2 eyes with POAG eyes vs 3 eyes with diabetic POAG) and the administration of fixed combinations (PGA+β blocker, CAI+β blocker), might have made the statistical calculations very hazardous and, for the authors, impossible to assess correctly which substance or combination of substances influenced the TNFα model in a significant manner, if the case in this study. Regarding topical treatment in our POAG patients, all medication used during the study contained preservatives, which are known to increase the ocular inflammation [27] .
Very few patients received only one IOP lowering substance. Therefore, corruption of our data due to these two major confounders (preservatives and multiple therapy) has been diminished and homogeneity among subjects was achieved. Authors are aware that the best profiles might have been obtained from naïve glaucoma patients, before starting any treatment, or leaving the patients without treatment after a proper washout period. Still, for ethical reasons this was neither possible, nor applicable in our patients. Antiglaucoma medication with preservatives reflects the clinical reality of the local national medical system, since public health insurance, at the time of the study, covered only the costs for these types of anti-glaucoma medications. The present research was conducted in a cross-sectional manner. The concept of predictive models was imported from other research branches [28] , but usually involves dynamic processes. Authors would like to acknowledge that mathematical validity cannot reproduce the dynamic homeostatic and adaptive changes that occur spontaneously in biological systems [29] .
Further investigations in longitudinal studies and better standardizations on a wider number of subjects are needed for proper validation of our results and in order to obtain a better understanding of such complex in vivo interactions.
In conclusion, our study revealed that diabetes induced a significant change in the cytokine expression in primary open angle glaucoma patients and modified both the signaling molecules and the inflammatory pathways from the initial TNFα model. Further studies that could identify collateral
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